Coherence relaxation in Na vapor was studied utilizing a "pump-probe" method with femtosecond pulses. The coherence was created by the pump pulse, which excited the Na atoms to the 4S state. The atoms were further excited to the 7P state by the probe pulse. As a result a coherent UV radiation was emitted by the atoms. This emission was used to study the relaxation of both the 4S-3S and 7P-3S coherent superpositions. The relaxation is mainly due to collisions with the Ar atoms serving as a buffer gas. Coherence relaxation times and collisional cross-sections for the Na-Ar collision pairs were extracted experimentally.
pulse, as well as nonlinear methods using four-wave mixing, etc.
The study presented in this paper investigates coherence relaxation in atomic vapors.
The atomic coherence, which is excited by the pump pulse, relaxes exponentially with the characteristic decay time T 2 [7, 8, 9] . This dynamics occur on a picosecond timescale, therefore requiring ultrashort (femtosecond) pulses to study it. In this study femtosecond pulses are used to excite Na atoms to a coherent superposition of the atomic field-free eigenstates.
The decay of this superposition is studied then utilizing the resonance-mediated generation of coherent UV radiation.
Consider a three-level atom, with levels |1 , |2 and |3 as depicted in Fig. 1 . States |1 and |2 are of the same symmetry, while state |3 is of a different symmetry. Suppose the atom is irradiated by a pump-probe sequence of two collinear femtosecond pulses. The pulses are separate in time with a time delay τ . In what follows both pulses are assumed to be much shorter then all the relaxation times of the atom, and therefore will be treated as δ-function. The pump pulse, which is taken to be centered at t = 0, excites a coherent superposition of the states |1 and |2 , via a two-photon transition. The probe pulse excites the state |3 , via a one-photon transition, thus creating a coherent superposition of the states |1 and |3 . As a result an atomic dipole moment is formed between the |1 and |3 states.
This dipole moment oscillates at the |3 -|1 transition frequency [10] . Now consider a collection of atoms described above. The atomic dipoles will combine to form a matter polarization wave, which will cause an emission of light at the |3 -|1 transition frequency, ω 3,1 . This polarization is given by the expectation value of the dipole moment operator, which can be calculated is follows:
where ρ is the density matrix of the system and µ is the matrix representing the dipole moment operator. When considering the selection rules of the atom (see above), it turns out that only one density matrix element, ρ 3,1 , needed to calculate the polarization above, thus:
This matrix element is easily calculated, provided the pulses are approximated by δ-functions. It is given by:
where ω 2(3),1 is the |2 ( are determined by collisional dephasing processes governed by the collisional cross section
given by:
where v r = (8kT /πµ) 1/2 is the mean relative velocity of the collision pair, N = P/kT is the number density of the colliding atoms, with µ being the reduced mass of the collision pair, T being the absolute temperature, P being the pressure and k being the Boltzmann constant.
When dealing with atomic vapors, one must also consider the "Doppler effect" when calculating the field generated by the polarization in Eq. 2 [11] . Since according to the "Doppler effect" each atom has resonance frequencies, which depend on its velocity, v, i.e,
n,m , the vapor can be said to consist of various collections of atoms, while each such collection is composed of atoms having the same velocity. As a result each such collection of atoms creates its own polarization given by modification of Eqs. 2-3.
The total electric field of the emitted light will be given by a coherent sum over various polarizations, each of which is created by atoms of different velocity:
where
, where m is the mass of the atom.
As will be shown below the collisional cross sections (see Eq. 4) can be extracted experimentally by measuring the total energy of the field in Eq. 6 as a function of the pump-probe
The above theoretical scheme was implemented with Na atoms, with argon serving as a buffer gas. The relevant energy levels of the Na atom are shown in Fig. 1 The spectrum of the NIR femtosecond pulses used in the experiment is shown in Fig. 1 . It is centered around 777.4 nm with a spectral bandwidth of 7.6 nm (FWHM) (corresponding to 117 f s pulse duration). The initial pulse was divided into two replicas of itself constituting the pump and the probe pulses. The pump pulse was passed trough a 4f pulse shaping setup, where it had its spectrum blocked at the low-frequency side (see Fig. 1 ) to eliminate resonant access to the 7P state [10] ,thus the pump populates the 4S state only, in correspondence with theoretical scheme above. The probe pulse is sent trough a delay arm, where the pump-probe delay τ is set. Then both pulses are recombined and are focused in the Na cell.
The UV emission, induced by the pulses, is separated from the NIR excitation by a proper optical filter and the total energy of this emission is then measured as a function of τ , thus corresponding to S(τ ) described above (see Fig1 for the experimental setup).
As can be seen from Eqs.5-6, the rate of decay of S(τ ) with τ is governed by the coherence relaxation times T 4). These plots are shown in Fig. 2 (i)-(j), and the collisional cross-sections were found to be σ 4S = 488 ± 23.6Å 2 and σ 7P = 1004 ± 13.3Å 2 . These values agree qualitatively with previously measured results [7, 12] for collisional cross-section between Ar and Na atoms, excited to different levels.
In summary, we have used the nonlinear generation of UV emission to probe the coherences in a Na atom. The calculation, based on the theoretical model developed here, agree well with the experimental results and numerical values for the coherence relaxation times were obtained. Based on those, the collisional cross-section for for the collisions of Ar and Na atoms in a 4S-3S and 7P-3S coherent superpositions, were established. 
